ABSTRACT: The capacity of seagrass canopies to directly retain sestonic particles was tested by quantifying the rate at which suspended fluorescent tracer particles were retained within a tropical Philippine seagrass meadow and by examining whether the test particles lost from the water column were later bound to seagrass leaves or inside epibionts. The particle loss rates in the presence of seagrass canopies were up to 4 times higher than those in unvegetated and plankton controls. The seagrass canopies trapped particles with a maximum rate of 0.73 (؎ 0.24) h
Introduction
The interaction between seagrass meadows and the water column is a key component of the functioning of seagrass ecosystems (Giesen et al. 1990; Sand-Jensen and Borum 1991; Zimmerman et al. 1991; Dennison et al. 1993) . Research has provided ample evidence that sestonic particles affect seagrasses through shading, thereby reducing their production and, if excessive, leading to their decline (Cambridge and McComb 1986; Duarte 1995) . The effect of seagrasses on seston is largely due to indirect effects, derived from the reduction of turbulence and flow by the plant canopy (Worcester 1995; Koch 1996; Gacia et al. 1999) . Seagrass canopies attenuate energy and turbulence intensity (Gambi et al. 1990; Ackerman and Okubo 1993) , promoting sedimentation and reducing resuspension (Ward et al. 1984; Gacia et al. 1999; Terrados and Duarte 2000; Gacia and Duarte 2001) and providing a mechanism to explain high particle trapping within seagrass beds. The possibility of direct particle trapping by the seagrass canopy has not been addressed.
Seagrass leaves are substrates for a vast amount of epiphytes, which may release exopolymeric substances (polysaccharides) that are adhesive and can physically bind sestonic particles. The leaves provide a habitat for a diverse range of motile and sessile epifauna (e.g., ascidians, Lemmens et al. 1996; ciliates, Lubel and Murillo 1999) which can actively retain sestonic particles. We tested the capacity of seagrass canopies to directly retain sestonic particles by quantifying the rate at which suspended tracer particles are retained by the canopy of a tropical Philippine seagrass canopies using biological (fluorescently-labelled phytoplankton cells, Sherr and Sherr 1993a) and inert (fluorescent beads) tracer particles (of 1, 3, and 15 m in diameter). We provide an indication of the importance of passive versus active trapping processes by examining whether the test particles lost from the water column are found bound to seagrass leaves or inside epibionts, respectively.
Methods
The study was conducted in a shallow multispecific seagrass meadow located in the reef lagoon in Silaqui (16Њ27Ј03ЉN, 119Њ55Ј35ЉE), Cape Bolinao, Pangasinan, Northwest Philippines. The meadow which is dominated by Thalassia hemprichii (Ehrenb.) Aschers., Enhalus acoroides (L.f.) Royle, and Cymodocea rotundata Ehrenb. & Hempr. ex Aschers. has been studied extensively (Vermaat et al. 1995; Agawin et al. 1996 Agawin et al. , 2001 Duarte et al. 1997) . Two enclosure experiments were conducted in April 1999. Each experiment consisted of incubations of parcels of the meadow enclosed within PVC rings of 10.2 cm inner diameter supporting a polyethelene plastic chamber, with a septum sampling port, of a height of 30 cm. The chambers enclosed 5 shoots of T. hemprichii in a volume of approximately 2.4 L of water. In each experiment, duplicate (experiment 1) to triplicate (experiment 2) chambers were established enclosing seagrasses (T. hempri-chii), and unvegetated patches created by clipping the T. hemprichii leaves initially present. Plankton controls were also included by enclosing seawater within the same type of bag used in the benthic chambers.
A known amount of fluorescently-labelled tracer particles was injected inside the chambers through the septum port, and carefully mixed with the seawater inside the chambers by gently tapping the bags. The tracers used were phytoplankton cells (Thalassiosira sp. and Chlorella sp. of 15 and 3 m size, respectively) labelled with a yellow-green fluorescing dye DTAF-5-(4Ј6-dichlorotriazin-2-yl) aminofluorescein using the method described in Sherr and Sherr (1993a) . Inert latex fluorescent beads (1 m size, Polyscience 17154) were also used. Final concentrations of the tracers in the chambers were approximately 500 cells ml Ϫ1 for Thalassiosira sp., 1,000 cells ml Ϫ1 for Chlorella sp., and 6,000 1-m beads ml Ϫ1 . Duplicate chambers with seagrasses, unvegetated sediments, and plankton controls were also incubated free of tracers to determine the net growth rate of naturally occurring picophytoplankton cells (size 1 m).
Subsamples (duplicates of 5 ml) of water were collected through the septum port of each chamber at 0 h, 1.5 to 2 h, and 24 h after tracer additions. The samples were quickly fixed with glutaraldehyde (1% final concentration) and frozen in liquid nitrogen until determination of the abundance of tracers and naturally occurring picophytoplankton cells with a Facscalibur (Becton-Dickinson) flow cytometer according to population fluorescence and light scatter characteristics as reported in Vaulot et al. (1990) . The disappearance rate of the fluorescent tracers from suspension and the net growth rates of the naturally occurring picophytoplankton cells were calculated as (ln N t Ϫ ln N 0 )/time where N 0 is the initial cell abundance and N t is the abundance of cells after a time period t. The disappearance rates of tracers in each treatment were calculated during the first 2 h of the experiment.
The two experiments were combined to have n ϭ 5 for each treatment at each sampling time (Experiment 1: n ϭ 2, Experiment 2: n ϭ 3) since the two experiments gave similar results (as determined by t-tests). By combining the experiments, the results have greater statistical significance, and the graphical comparisons are simplified. Analysis of covariance (ANCOVA) was used to test the differences between the relative abundance of tracers among treatments (ϩseagrasses, Ϫseagrasses, and plankton controls) with time (as covariate). Post hoc comparisons among treatments at each sampling time were conducted using Tukey's highestsignificant-difference means test (Sokal and Rohlf 1981) . Normality of data was tested using Kolmogorov-Smirnov test (Sokal and Rohlf 1981) . The trapping rate of the tracers by the seagrass canopy was estimated, assuming the particle trapping to be additive, as the difference between the disappearance rate of the tracers in chambers with seagrasses and chambers without seagrasses (unvegetated patch).
The leaves of T. hemprichii were harvested from the chambers after 24 h of incubation, and fixed with Lugol's solution:formalin:sodium thiosulfate (Sherr and Sherr 1993b) to inspect them through epifluorescent microscopy to assess where the particles end up. Before the microscopic inspection, the second oldest leaves were cut into 3-cm pieces and gently washed three times with filtered seawater. The second oldest leaves were chosen because they were not as heavily epiphitized as the oldest leaves which interfere, because of intense background fluorescence with epifluorescent microscopy. Drops of DAPI (4,6-diamidino-2-phenylindole) 10 g ml Ϫ1 concentration were placed on the leaves to stain heterotrophic epibionts and left for 10 to 15 min prior to epifluorescent microscopic examination. Leaf surfaces were examined to detect particles attached to their surfaces and those contained inside the many protozoans associated with the leaves. Counts of particles attached to these leaves represent conservative estimates of trapping by the canopy, since more particles should be attached to the more epiphytized leaves. The microscopic search was done systematically (in zigzag fashion on the leaf surface) in at least 200 fields at 320ϫ, so that about 16% of the total leaf area was examined. The tracers attached to the blade surfaces were counted in at least 100 fields at 100ϫ. The total number of tracers found tightly bound on the seagrass leaves (after rinsing) in the chambers were estimated as the average number of tracers in the microscopic field multiplied by the number of fields to cover the total leaf area surface (double sided) of T. hemprichii shoots inside the chambers (T. hemprichii shoot leaf area [single side] ϭ 2,656 Ϯ 2.32 mm 2 ).
Results and Discussion
The relative abundance of tracers differed significantly (ANCOVA, n ϭ 45, p Ͻ 0.05) among the experimental treatments with time (Fig. 1) . The disappearance rates of fluorescent tracers in chambers with T. hemprichii leaves were up to four times faster than in unvegetated and plankton controls (Fig. 1, Table 1 ). The loss rates of tracers in unvegetated and plankton controls did not differ significantly from each other (Tukey's multiple comparison test, p Ͼ 0.05). After 24 h, there were few tracers left inside the chambers with and without
